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GLAST will do fundamental science, with a very broad
menu that includes:

• Systems with supermassive black holes
• Gamma-ray bursts (GRBs)
• Dark Matter
• Solar physics
• Probing the era of galaxy formation

GLAST draws the interest of both the the High EnergyGLAST draws the interest of both the the High Energy
Particle Physics and High Energy AstrophysicsParticle Physics and High Energy Astrophysics
communities.communities.

The BIG Picture
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Why γ’s?
Gamma rays carry a wealth of information:

–  γ rays do not interact much at their source: they offer
a direct view into Nature’s largest accelerators.

–  similarly, the Universe is mainly transparent to γ
rays: can probe cosmological volumes.  Any opacity
is energy-dependent (light interacts with light!).

–  conversely, γ rays readily interact in detectors, with a
clear signature.

–  γ rays are neutral: no complications due to magnetic
fields.  Point directly back to sources, etc.
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Why this energy range? (20 MeV -  > 300 GeV)

The Grand Unified Photon Spectrum (GUPS) c.a. 1990, Ressell and Turner

EGRET
(1991)

Ground-based

G L A S T G L A S T 

The Flux of Diffuse Extra-Galactic Photons

Note:

1 MeV=106 eV

1 GeV=109 eV

1 TeV=1012 eV

1eV=1.6x10-19J
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Measurement techniques
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Atmosphere:

For Eγ < ~ O(100) GeV, must
detect above atmosphere
(balloons, satellites, rockets)

For Eγ > ~ O(100) GeV,
information from showers
penetrates to the ground
(Cerenkov)

Energy loss mechanisms:

γ
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Unified gamma-ray experiment spectrum

Typical differential
source flux α  E-2

GLAST is a key element in the program

Complementary capabilities
ground-based   space-based

angular resolution good          good
duty cycle low          excellent
area H U G E !          small
field of view small          excellent 

         (~20% of sky)
energy resolution moderate          good, w/ small 

         systematic 
         uncertainties
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The success of EGRET: probing new territory
History:

SAS-2, COSB (1970’s-1980’s) exploration phase: established galactic diffuse flux

EGRET (1990’s) established field:
increased number of ID’d sources by large factor;
broadband measurements covering energy range ~20 MeV - ~20 GeV;
discovered many yet-unidentified sources;
discovered surprisingly large number of Active Galactic Nuclei (AGN);
discovered multi-GeV emissions from gamma-ray bursts (GRBs);
discovered GeV emissions from the sun

GLAST will explore the unexplored energy range above EGRET’s reach, 
filling in the present gap in the photon spectrum, and will cover the very broad 
energy range ~ 20 MeV - 300 GeV (→  1 TeV) with superior acceptance and 
resolution.  Historically, opening new energy regimes has led to the discovery
of totally unexpected new phenomena.
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Is it really isotropic (e.g., produced at an early epoch in intergalactic space) or an 
integrated flux from a large number of yet unresolved sources?  GLAST has higher
sensitivity to weak sources, with better angular resolution.

Diffuse Extra-galactic Background Radiation

GLAST (1-year, E>1 GeV)
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Active Galactic Nuclei (AGN)
Active galaxies produce vast amounts of energy from a very compact central volume.

Prevailing idea: powered by accretion onto super-massive black holes (106 - 1010

solar masses).  Different phenomenology primarily due to the orientation with respect
to us.

Models include energetic (multi-TeV), highly-collimated, relativistic particle
jets.    High energy γ-rays emitted within a few degrees of jet axis.
Mechanisms are speculative; γ-rays offer a direct probe.

HST Image of M87 (1994)
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EGRET and 3C279

EGRET discovery image of gamma-ray blazar 3C279 (z=0.54)
E>100 MeV (June 1991)

Prior to EGRET, the only known extra-galactic point source was
3C273; however, when EGRET launched, 3C279 was flaring and
was the brightest object in the gamma-ray sky!

VARIABILITY: EGRET
has seen only the tip of the
iceberg.
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AGN shine brightly in GLAST energy range

Power output of AGN is remarkable.  Multi-GeV component can be dominant!

Estimated luminosity
of 3C 279:
    ~ 1045 erg/s
corresponds to 1011

times total solar
luminosity
just in γ-rays!!  Large
variability within days.

1 GeV

Sum all the power over the whole electromagnetic spectrum from all the stars of a
typical galaxy: an AGN emits this amount of power in JUST γ rays from a very
small volume!
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AGN: what GLAST will do

EGRET has detected ~ 60 AGNs.   Extrapolating, GLAST should expect to see 
dramatically more -- at least several thousand:

• Allows a statistically accurate calculation of AGN  contribution to the high energy 
diffuse extra-galactic background.

• Constrain acceleration and emission models. How do AGN work? 
• Large acceptance and field of view allow relatively fast monitoring for variability over time 

-- correlate with other detectors at other wavelengths.
• Probe energy roll-offs with distance (light-light attenuation): info on era of galaxy formation.
• Long mission life to see weak sources and transients.

Joining the unique capabilities of GLAST with other detectors 
will provide a powerful tool.
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Gamma Ray Bursts (GRB)

EGRET has detected very high energy emission associated with bursts, including an 
18 GeV photon ~75 minutes after the start of a burst:

GRBs discovered in 1960’s accidentally by the Vela military satellites, searching for 
gamma-ray transients  (guess why!)     The question persists : What are they??

GLAST will provide definitive and unique information about the high energy 
behavior of bursts.  How many have delayed, high energy activity??
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WIMP Dark Matter Annihilations?

Just an example of what might be waiting for us to find!Just an example of what might be waiting for us to find!

If true, there may well be observable 
halo annihilations into mono-
energetic gamma rays.

q

q
or γγ or Zγ
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Extensions to the Standard Model of Particle Physics also provide
good candidates for galactic halo dark matter.  This would be a 
totally new form of matter.

Energy (GeV)

N
um

be
r 

of
 c

ou
nt

s

Simulated  response to 50 GeV side-entering γ’s
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Other topics include… .

• Supernova remnants and the origins of cosmic rays
• Pulsars
• Unidentified gamma-ray sources
• Primordial black holes and other exotic relics from

the Big Bang
• Solar physics
• … ..

Most important:  What is there to What is there to discoverdiscover??
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Summary
• GLAST will address many important questions:

– What is going on around black holes?  How do Nature’s most powerful
accelerators work? (are these engines really black holes?)

– What are the unidentified sources found by EGRET?
– What is the origin of the diffuse background?
– What is the high energy behavior of gamma ray bursts?
– What else out there is shining gamma rays?  Are there further surprises in

the poorly measured energy region?
– When did galaxies form?

• Large menu of “bread and butter” science
• Large discovery potential
      Next: how science goals translate into mission science

requirements     N. Gehrels (FST co-chair)


